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Abstract 
The first complete analysis of the photometric observation of the W UMa type binary system BQ Ari was performed 
using the Wilson-Devinney code to determine its photometric and geometric elements. These results show that BQ 
Ari is a contact W UMa binary system with a photometric mass ratio q = 0.91, and the fillout factor equal to 34%. We 
calculated the distance of BQ Ari to be 146.24 ± 15 parsecs from the combined brightness of the system, which is in 
agreement with the distance value derived from the Gaia parallax (132.848 ± 1.574) in one standard deviation. In 
this study, we suggested a new linear ephemeris for BQ Ari, combining our new mid-eclipse times and the previous 
observations. We present the first complete analysis of the system’s orbital period behavior and analysis of the O-C 
diagram using the Genetic Algorithm (GA) and the Monte Carlo Markov Chain (MCMC) approaches in OCFit code. 
We applied two approaches to analyze the sinusoidal trend in the O-C diagram. This may suggest a periodic change 
caused by the Light-Time Effect (LiTE) effect with a period of 4.60 years and an amplitude of 6.212 minutes. On the 
other hand, the sinusoidal trend may indicate the existence of magnetic activity in this system. The period of 
magnetic activity was calculated to be 4.16 years and changes of period induced by magnetic activity obtained as 
∆𝑃 𝑃⁄ = 4.36 × 10−7. It was concluded that magnetic activity is more likely to be the causal agent as opposed to 
the LiTE signals. 
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Introduction 
BQ Ari is a W Uma type eclipsing binary star in the constellation of Aries. The variability of BQ Ari (GSC 00646-00946) 
was discovered in the All-Sky Automated Survey (ASAS) project. ASAS classified this star as a contact binary system 
with a period of 0.282333 days (Paschke, 2011). This binary system has a variable visual magnitude between 10m.28 
and 10m.551. 
The photometric observations of close binary stars enable the determination of stellar mass values accurately and 
precisely. However, estimates of stellar mass and age based on calibrations are still uncertain (Popper, 1980). 
Additionally, other absolute parameters such as radii and brightnesses can also be obtained through the analysis. 
The debate on the true nature of binary star evolution is in progress. Moreover, the search for orbital variations of 
close binaries provides us with valuable information about the mass transfer or mass loss of these systems. Such 
information can be summarized as the dynamic evolution of magnetic activity, the presence of additional bodies and 
the tidal interaction of the two components. We have observed stars from their light curves. Observed minus 
Calculated (O-C) diagrams constructed from the eclipse / occultation times in light curves, may help us to understand 
the changes in periodic astrophysical phenomena. With the help of this new study, we update the stars’ ephemeris 
and make suggestions for observed O-C variations. 
Furthermore, we present the light curve analysis performed with the Wilson-Devinney code. Also, we have 
investigated the light curve asymmetries, known as the O'Connell effect (O'Connell, 1951), which manifest 
themselves as distinct differences between maximum light levels. 
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Observation and data reduction 
The observation of BQ Ari was carried out with a 50 cm Ritchey Chretien telescope and Apogee Aspen CG type CCD 
during four nights of observation at the UZAYMER Observatory, Çukurova University, Adana, Turkey on the 7th and 
15th of December 2019 and the 13th and 15th of January 2020. The CCD has a 1024x1024 pixel array with a pixel 
length of 24µ. In these observations we used the BVR standard Johnson filters. Each of the frames was 1×1 binned 
with 40s exposure time for R filter, 60s for V filter, and for 85s B filter; the average temperature of the CCD was -
45oC during four nights of observations. A total of 1281 images were taken in the BVR filters. Observations through 
V and R filters were done for each filter in one single night and in the B filter during two nights. 
GSC 646-868 and GSC 646-726 were chosen as comparison stars, and TYC 646-333-1 was selected as the reference 
star. All of these stars are close to BQ Ari and the magnitude of the reference star is appropriate. Figure 1 shows an 
observed field-of-view for BQ Ari with the comparisons and reference stars, and the characteristics of these stars 
are shown in Table 1. 
 
 
Figure 1. Observed field-of-view for BQ Ari, comparison stars (C1 and C2), and the reference star (R). 
 
Table 1. Characteristics of the variable, comparison and reference stars (SIMBAD2 query result BQ Ari). 
Type Star Magnitude (V) RA. (2000) Dec. (2000) 
Variable BQ Ari 10.28 02 48 40.72 +13 44 48.01 
Comparison1 GSC 646-868 13.30 02 48 36.47 +13 43 30.07 
Comparison2 GSC 646-726 13.30 02 48 34.13 +13 43 52.93 
Reference TYC 646-333-1 10.91 02 48 27.02 +13 44 59.14 
 
We reduced the raw images and corrected them. The basic data reduction was performed for bias, dark and flat field 
of each CCD image according to the standard method. We aligned, reduced, and plotted raw images with 
AstroImageJ (AIJ) software (Collins et al., 2017). AIJ provides an astronomy-specific image display environment and 
tools for astronomy-specific image calibration and data reduction. This software has been determined to identify 
the best linear fit of a dataset (by exerting airmass) to the light curve (Davoudi et al., 2020). 
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Five primary and three secondary minimum times were determined from the light curves. They were calculated 
using the Kwee and van Woerden (1956) method. The new times of minima in B, V and R filters with their errors are 
listed in Table 2. Figure 2 shows the observed and synthetic light curves in B, V, and R filters. 
 
Table 2. The new times of minima for BQ Ari in B, V and R filters. 
Date (Y-M-D) Filter Min Type Min (BJDTDB) 
2019-12-07 R I 2458825.24918 ± 0.00003 
2019-12-07 R II 2458825.39085 ± 0.00008 
2019-12-15 V I 2458833.15476 ± 0.00005 
2019-12-15 V II 2458833.29512 ± 0.00005 
2019-12-15 V I 2458833.43706 ± 0.00006 
2020-01-13 B I 2458862.23660 ± 0.00010 
2020-01-15 B I 2458864.21286 ± 0.00026 
2020-01-15 B II 2458864. 35245 ± 0.00046 
 
 
Figure 2. The observed light curves of BQ Ari and synthetic light curves in the B, V, and R filters and residuals are plotted; 
with respect to orbital phase, shifted arbitrarily in the relative flux. 
 
Light curve analysis 
Photometric solutions of BQ Ari were derived from PHOEBE (PHysics Of Eclipsing BinariEs) legacy 0.32 version. This 
software is designed based on the Wilson-Devinney code (Prsa and Zwitter, 2005). 
Since there are published Tycho-derived B (11.653) and V (10.669) magnitudes of BQ Ari; we also calibrated with our 
second comparison star from the Tycho2 catalog as (B-V) = 0.676 (Høg et al., 2000). However, our data gave (B-V)BQ 
Ari - (B-V)comparison = 0m.026. Therefore, the calculated (B-V) color of BQ Ari was found to be (B-V)BQ Ari = 0m.65. Thus, 
the effective temperature of the primary component, T1 was assumed as 5850 K (Eker et al., 2018). This temperature 
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value is a good approximation because we can compare it with that from the Gaia DR23 catalog that is 5749 K, based 
on the Gaia color BP-RP, and the resulting difference is consistent. We fixed some parameters and assumed gravity-
darkening coefficients to be g1=g2=0.32 (Lucy, 1967) and bolometric albedos A1=A2=0.5 (Rucinski, 1969) for stars 
with convective envelopes and linear limb darkening coefficients were taken from tables published by Van Hamme 
(1993). 
Based on the Phase-Flux light curves, and the placement of the primary and secondary minima, we found that the 
primary star is hotter than the secondary. Therefore, due to the inconsistency of the depths of the primary and 
secondary minima, we chose mode 3 for a system not in thermal contact to analyze the light curve of this binary 
system. The parameters obtained from the light curve analysis in the BVR filters are presented in Table 3. 
 
Table 3. Photometric solutions of BQ Ari. 
Parameter Results 
T1 (K) 5850 
T2 (K) 5659(45) 
Ω1=Ω2 3.431(39) 
i (deg) 83.67(64) 
q=m2/m1 0.91(2) 
l1/ltot(B) 0.556(8) 
l2/ltot(B) 0.443 
l1/ltot(v) 0.556(8) 
l2/ltot(v) 0.444 
l1/ltot(R) 0.549(8) 
l2/ltot(R) 0.449 
A1=A2 0.50 
g1=g2 0.32 
f (%) 34 
r1(back) 0.452 
r1(side) 0.407 
r1(pole) 0.383 
r2(back) 0.437 
r2(side) 0.391 
r2(pole) 0.368 
r1(mean) 0.413(17) 
r2(mean) 0.397(16) 
Colatitudespot (deg) 90 
Longitudespot (deg) 101(8) 
Radiusspot (deg) 23(9) 
Tspot/Tstar 0.81(4) 
Phase Shift 0.0195(3) 
Notes: Parameters of a star spot on the primary component. 
 
The q-search method was first run to obtain the mass ratio of the system. We found the minimum sum of the squared 
residuals of the W-D fit, ∑(𝑂 − 𝐶)2. As a result, a range of fixed mass ratios from 0.1 to 1.3 was used to search as 
shown in Figure 3. A minimum value of ∑(𝑂 − 𝐶)2 was finally achieved at q = 0.91. 
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Figure 3. Sum of the squared residuals as a function of the mass ratio. 
 
The fillout factor was calculated as 34% from the output parameters of the light curve solutions via, 
 
𝑓 =
Ω(𝐿1) − Ω
Ω(𝐿1) − Ω(𝐿2)
             (1) 
 
The absolute parameters of BQ Ari are calculated and given in Table 4. The mass of the primary component is derived 
from a study by Eker et al. (2018), and the mass of the secondary component is calculated based on the value of q. 
Since the radial velocity is not yet available, we are unable to determine the masses of the components with high 
precision through photometry; we are only able to make estimates. 
 
Table 4. Estimated absolute elements of BQ Ari. 
Parameter Primary Secondary 
Mass (M⊙) 1.08 0.98(20) 
Radius (R⊙) 0.93(5) 0.90(5) 
Luminosity (L⊙) 0.910(22) 0.748(20) 
Mbol (mag) 4.842(21) 5.055(27) 
log g (cgs) 4.514(2) 4.510(2) 
a (R⊙) 2.26(8)  
Mv 4.88(2)  
d (pc) 146.24(15)  
 
The mean fractional radii of components are 0.4135 and 0.3969 for the primary and secondary components, 
respectively; these values were calculated from the formula, rmean = (rpole × rside × rback)1/3. Also, the radii of the 
components were computed using the formula R = a × rmean as 0.93 (R⊙) and 0.90 (R⊙) for the primary and secondary, 
respectively. As a result, the binary system is in a marginal contact state (Kopal, 1959) since the sum of the mean 
fractional radii of the components is rmean = r1mean + r2mean = (0.81) > 0.75. 
The BQ Ari binary system’s light curve solutions required a cold spot to be placed on the primary component in the 
light curve solutions to account for the strong O’Connell effect (1951) in the light level differences of the maxima 
through all BVR filters and other light curve asymmetries. Table 5 represents BQ Ari’s characteristic parameters of 
its light curves, and it also shows the difference in maxima with each filter in the first row. Accordingly, the largest 
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difference between the levels of maximum light and the depths of the minima were observed in the B filter; while 
they were the smallest in the R filter, which is expected from the magnetic activity induced variations. 
 
Table 5. Characteristic parameters of the light curves in BVR filters. 
Light curve ∆B ∆V ∆R 
MaxI-MaxII -0.097 -0.088 -0.082 
MaxI-MinII -0.794 -0.801 -0.552 
MaxI-MinI -0.956 -0.909 -0.600 
MinI-MinII 0.162 0.108 0.048 
 
The positions of the components are shown in Figure 4 for four different orbital phases during an orbital period. The 
cold spot is on the primary star. 
 
 
Figure 4. The positions of the components of BQ Ari. 
 
The total eclipse corresponding to the secondary minima enabled us to compute the visual magnitude of the primary 
component as Vpri. = 10m.790 ± 0.004. We found the spectral type of components as G3 and G6 for the primary and 
secondary, respectively and the bolometric correction (BC) = -0.06 from Eker et al. (2018). We have presented the 
Mbol in Table 4; the calculated absolute magnitude of components is defined by 
 
𝑀𝑉 =  𝑀𝑏𝑜𝑙 − 𝐵𝐶𝑉              (2) 
 
a value of Mv = 4m.88 ± 0.02 was obtained for the primary component. Since we have, (B-V)0 = 0.65 ± 0.02 and (B-V) 
= 0.676 ± 0.021 for the observed color corresponding to the orbital phase 0.5, we calculated E(B-V) = 0.026 ± 0.019 
using the following equation, 
 
𝐸(𝐵 − 𝑉) = (𝐵 − 𝑉) − (𝐵 − 𝑉)0         (3) 
 
From photometric studies of stars, there is an average relation between color excess and visual extinction, 
 
𝐴𝑉 = (3.1 ± 0.1) × 𝐸(𝐵 − 𝑉)          (4) 
 
where Av is the visual extinction and measured to be AV = 0.0806 ± 0.0601. 
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Based on these calculations, the distance (d) to the binary system was obtained from the equation, 
 
𝑑(𝑝𝑐) = 10
(
𝑉𝑝𝑟𝑖−𝐴𝑉−𝑀𝑝𝑟𝑖+5
5 )          (5) 
 
Therefore, an estimate of the distance of this binary system is 146.24 ± 15 parsec. The Gaia parallax, which is 
corrected for the systematic shift of 0.082 mas as given by Stassun & Torres (2018), gives a distance value of 132.848 
± 1.574 pc, which is consistent with the value we found from the combined bolometric magnitude of the system we 
derived from our analysis considering its error (15 pc). 
 
Orbital Period Variations 
The O-C trend is generally a sum of different effects and it indicates period changes of the binary system. Formally, 
it is written as 
 
𝛿𝑇𝑖 = (∆𝑇0 + ∆𝑃 × 𝐸) + 𝑄 × 𝐸
2 + 𝛿𝑇𝑖               (6) 
 
where the part in parentheses generates a linear trend in (O-C)s and it is caused by a linear ephemeris. The quadratic 
term describes changes due to mass transfer. The term 𝛿𝑇𝑖 implies more complex periodic variations in (O-C)s 
(Gajdoš and Parimucha, 2019). 
We collected 17 mid-eclipse times from the literature and obtained 8 individual mid-eclipse times from our 
observations which are shown in Table 6. Mid-eclipse times identified as Min (BJDTDB), are in column 1; their 
uncertainties appear in column 2 (we calculated the average error values for data points; however, some of the 
observers didn't provide their uncertainties). Minima types (I: primary and II: secondary) are in column 3; epochs of 
these minima times are in column 4; O-C values are in column 5; and the references of mid-eclipse times are shown 
in the last column. The epochs and the O-C values were calculated by the following linear ephemeris (Skolnik V, 
B.R.N.O. 41), 
 
Min. I (BJDTDB) = 2458043.46581 + 0.282335 × E.              (7) 
 
Table 6. Times of minima of BQ Ari obtained by CCD. 
Min (BJDTDB)         Error Min Type Epoch O-C Reference 
2455593.3617 0.0020 I -8678 -0.0009 OEJV 0142 
2455866.3787  I -7711 -0.0018 IBVS 6026 
2456563.4603 0.0009 I -5242 -0.0053 IBVS 6118 
2456563.6023 0.0010 II -5241.5 -0.0045 IBVS 6118 
2456573.4835 0.0004 II -5206.5 -0.0050 IBVS 6114 
2456573.6258 0.0002 I -5206 -0.0039 IBVS 6114 
2456908.8967 0.0002 II -4018.5 -0.0059 AAVSO4 
2456959.4340  II -3839.5 -0.0065 IBVS 6204 
2457277.4881  I -2713 -0.0028 IBVS 6204 
2457320.2625  II -2561.5 -0.0022 VSOLJ 61 
2457331.4158  I -2522 -0.0011 OEJV 181 
2457331.5568  II -2521.5 -0.0013 OEJV 181 
2457385.3411  I -2331 -0.0018 IBVS 6196 
2457385.4831  II -2330.5 -0.0009 IBVS 6196 
2457657.5134  I -1367 -0.0004 IBVS 6244 
2458043.4658 0.0006 I 0.0 0.0 B.R.N.O. 
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2458043.6081 0.0009 II 0.5 0.0011 B.R.N.O. 
2458825.24918 0.00003 I 2769 -0.0022 This study 
2458825.39085 0.00008 II 2769.5 -0.0017 This study 
2458833.15476 0.00005 I 2797 -0.0020 This study 
2458833.29512 0.00005 II 2797.5 -0.0028 This study 
2458833.43706 0.00006 I 2798 -0.0020 This study 
2458862.23660 0.00010 I 2900 -0.0007 This study 
2458864.21286 0.00026 I 2907 -0.0007 This study 
2458864.35245 0.00046 II 2907.5 -0.0023 This study 
 
 
We fitted a line to data points for mid-eclipse times around the reference minimum to update the linear ephemeris. 
Then we computed new O-C values and fitted all mid-eclipse times with a line using the robust regression as the 
initial (O-C) diagram as shown in Figure 5. We used the OCFit code5 for this work (Gajdoš and Parimucha, 2019). The 
primary and secondary minimums were represented by filled and open circles, respectively. 𝜒𝑟
2 =19.55 is obtained 
for the best fit. Combining our new mid-eclipse times and those from previous observations, we determined a new 
linear ephemeris for the primary minimum as 
 
Min. I (BJDTDB) = 2458043.4646 (±0.0002) + 0.282335413 (±0.00000008) × E days         (8) 
 
where E is the integer number of orbital cycles after the reference epoch. After subtracting the linear trend from the 
original O-C, the residue (O-C) diagram (the residue between original values of this O-C and O-C’s calculated from 
the fit), is plotted in Figure 6 with respect to the linear ephemeris (Equation 8). 
 
 
Figure 5. The initial O-C diagram of BQ Ari with the linear trend on the data. 
                                                            
5 https://github.com/pavolgaj/OCFit 
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Figure 6. The residue O-C diagram of BQ Ari. 
 
The oscillating characteristics in the residue (O-C) diagram may be caused either by Light-Time Effect (LiTE) due to 
the existence of a third body or the magnetic activity cycles of the system (Pi, Q.F., Zhang et al., 2017). At first, we 
checked the LiTE Effect, (the (O-C) diagram in Figure 7) and the parameters of LiTE induced by the presence of a 
potential third companion in the system (Table 7) and they were derived with the Genetic Algorithm (GA) and the 
Monte Carlo Markov Chain (MCMC) approach in the OCFit code. The GA removes the necessity of any input values 
of the model's parameters. Final values of them together with their statistically significant uncertainties are obtained 
using MCMC fitting. The combination of these two algorithms allowed us to analyze the exact physical model of the 
observed variations. The number of generations and the size of one generation were both regarded 2500 as 
parameters of GA. Also, we employed 1000000 iterations for the O-C diagram in our MCMC runs (1000000 MC steps). 
Confidence interval graphs for fitted parameters and histograms of various parameters were determined by the MCMC 
simulation displayed in Figure 8 and Figure 9, respectively. 
The sinusoidal term suggests a periodic change with a period of 4.60 yr and an amplitude of 6.212 minutes. The 
analytical formula for O-C changes caused by LiTE, where the semi-amplitude of changes on the O-C diagram 
generated by LiTE is given by the equation (Irwin, 1952), 
 
𝐾3 =
𝑎12𝑠𝑖𝑛𝑖3√1 − 𝑒3
2𝑐𝑜𝑠𝜔3
𝑐
               (9) 
 
where 𝑎12𝑠𝑖𝑛𝑖3 is the projected semi-major axis of the binary star around the barycenter of a triple system, 𝑖3 is the 
inclination of the third body's orbit, 𝑒3 is the eccentricity and 𝜔3 is the argument of periastron. Computation with 
the following equation yields a large mass function of 𝑓(𝑚3) = 0.0254 𝑀⨀ for the third companion (Irwin, 1952), 
 
 𝑓(𝑚3) =
(𝑎12𝑠𝑖𝑛𝑖3)
3
𝑃3
2               (10) 
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Figure 7. The O-C diagram of BQ Ari with the periodic trend on the data points induced by LiTE effect. 
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Figure 8. Confidence interval graphs for fitted parameters determined by the MCMC simulation for the LiTE model. A red dot 
shows a solution and the three irregular regions display 1𝝈, 2𝝈 and 3𝝈. 
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Figure 9. Histograms of parameters resulting from the MCMC chain for the LiTE model. 
 
To estimate the quality of the statistical model and to compare models, In addition to 𝜒2 and 𝜒𝑟𝑒𝑑
2 =
 𝜒2
𝑛
  statistics in 
which n is the number of data points in the fit, we employed the Bayesian Information Criterion (BIC) defined as: 
 
𝐵𝐼𝐶 = 𝜒2 +  𝑘 𝑙𝑛 𝑛      (11) 
 
Where k is the number of variable parameters in the model fit. 
 
Table 7. Results from the LiTE model for third body in BQ Ari. 
 
 
Parameter Value Error 
𝑃3 [days] 1682.3 43.6 
𝑃3 [years] 4.60 0.11 
𝑎12 𝑠𝑖𝑛 𝑖3[AU] 0.813 0.085 
𝑒3 0.579 0.119 
𝑡03[BJDTDB] 2457024 50 
𝜔3[degree] 313.27 10.34 
𝐾3[minutes] 6.212 0.736 
𝑓(𝑚3) [M⨀] 0.0254 0.0080 
𝜒2 321.74  
𝜒𝑟𝑒𝑑
2  
BIC 
15.32 
338.03 
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On the other hand, the changes in the period could be explained by magnetic activity (Applegate, 1992) and that the 
large scale variation of BQ Ari might also be caused by the magnetic activity cycle and we assumed this cycle as a 
sinusoidal. The light curve solutions required a huge cold spot because of differences in the maxima on the light 
curves, which can point to significant magnetic activity in this binary system. 
This trend reveals a cyclic oscillation with an amplitude of A = 7.24 minutes shown in Figure 10. 
 
 
Figure 10. The O-C diagram of BQ Ari with the cyclic trend on the data points induced by magnetic activity cycle. 
 
The results of the fit applied by the OCFit code is provided in Table 8. The size of the periodic variation, ΔP/P can be 
calculated by the equation 
 
∆P
P
= A √2 [1 − cos (2π ×
P
T
)] P⁄                 (12) 
 
where A is the amplitude of the sine function and T is the period of magnetic activity (Rovithis-Livaniou et al., 2000).  
Since the period of the oscillation T was calculated to be 4.16 years, changes of period induced by magnetic activity 
ΔP/P for BQ Ari was determined to be 4.36 × 10−7. 
 
Table 8. Results from the magnetic activity model of BQ Ari. 
Parameter Value Error 
𝑇 [𝑑𝑎𝑦𝑠] 1519.7 6.5 
𝑇 [𝑦𝑒𝑎𝑟𝑠] 4.16 0.01 
𝐴[𝑚𝑖𝑛𝑢𝑡𝑒𝑠] 7.240 0.714 
𝜒2 356.02  
𝜒𝑟𝑒𝑑
2  16.95  
BIC 372.31  
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Discussion and conclusion 
The photometric observations of BQ Ari were carried out during four nights using BVR filters. The purpose of this 
study was to investigate the light curve and periodic changes of this binary system. The first photometric solutions 
of the short period binary BQ Ari were determined with the Wilson-Devinney code by analyzing the light curves. 
These suggest that BQ Ari is a contact binary with a mass ratio of 0.91 and a fillout factor of 34%. 
 
We also suggest a new ephemeris for determining the times of the primary minima for future observations. We 
applied two methods for analyzing the sinusoidal term in the residue O-C diagram. The sinusoidal trend may reveal 
that there could be a third body in this binary system; the sinusoidal term in the equation suggests a periodic change 
caused by the LiTE effect with a period of 4.60 years and an amplitude of 6.212 minutes. The LiTE interpretation 
resulted in 𝑓(𝑚3) = 0.0254 M⨀ with the objects at a distance of 0.81 AU with a very high eccentricity. That value is 
too large for an unseen third body and cannot be accounted for as a significant third light contribution. Also probably 
such an orbit cannot be stable. 
 
The O’Connell effect can be recognized clearly in the light curves of our observations (Table 5). We also found a light 
curve in the B.R.N.O. from the year 2017. This was observed by Školník using the Digital Single-Lens Reflex (DSLR) 
method with a Clear filter. We calculated the difference between the maxima level of this light curve and found a 
value of MaxI - MaxII = -0.038. Although the quality of the light curve was not very good, the difference between the 
light levels of the quadrature orbital phases is quite recognizable. On the other hand, light curve solutions required 
a huge cold spot accounting for the O’Connell effect and the observed light curve asymmetries, which hints at a 
significant magnetic activity in this binary system. Therefore, fitting the orbital period change with a magnetic activity 
assumption (cyclic) is plausible, the period of which was calculated to be 4.16 years and ∆P P⁄ = 4.36 × 10−7 from 
the analysis of the O-C curve. It is also suggested that there is a longer magnetic cycle perhaps far longer than our 
observations. Consequently, we consider magnetic activity to be more probable, although additional observations 
are needed in order to analyze period changes in this binary system. Using the current data, the best fit for these 
trends on an O-C diagram have high  𝜒𝑟𝑒𝑑
2  values. It is likely that if we had additional high quality data, we would be 
able to reach a better fit with lower  𝜒𝑟𝑒𝑑
2  for magnetic activity. 
 
There is no radial-velocity information currently available for this binary system, so we were forced to estimate the 
absolute parameters of the binary system based on a mass ratio found from a q-search. However, it is well known 
that the q-search method works fine for the cases of observed total eclipses (Rucinski et al., 1969), like that for BQ 
Ari. Based on the method used in this study we measured a distance of 146.24 ± 15 pc for the binary system from 
combined bolometric magnitude derived from our analysis, which is in agreement with the Gaia DR2 value 132.848 
± 1.574 pc in one standard deviation. 
Both components of BQ Ari are having their main sequence life times between the theoretical Zero Age Main 
Sequence (ZAMS) and Terminal Age Main Sequence (TAMS) as their positions on the H-R diagram in Figure 11 
suggests. 
The diagrams of the mass-radius (M-R) and mass-luminosity (M-L) on a log-scale (Figure 12) show the evolutionary 
status of BQ Ari. The theoretical ZAMS (solid) and TAMS (dashed) lines and the positions of the primary and 
secondary components are depicted in the diagrams. 
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Figure 11. Positions of both components of BQ Ari on the H-R diagram. 
 
 
Figure 12. The log M – log R, and log M - log L diagrams for BQ Ari from the absolute parameters. 
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